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Abstract 
Purpose: To investigate the mechanisms of cytotoxicity of a dandelion extract against human gastric 
cancer cell line SGC-7901 cells. 
Methods: The 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay, flow 
cytometry, and transwell assays were used to investigate the effects of a dandelion extract on cell 
proliferation, levels of apoptosis, and cell migration, respectively. Reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR) assessed the effects of a dandelion extract on the expression 
levels of genes regulating proliferation and apoptosis.  
Results: Dandelion extract exerted strong cytotoxic effects on the cancer cells. After exposure, 
apoptotic cells increased and cell migration was reduced. RT-qPCR assay revealed that dandelion 
extract significantly increased anti-proliferative and pro-apoptotic gene expression, including phosphate 
and tensin homology deleted on chromosome ten (Pten) and Bcl-2 Associated X protein (Bax) mRNA in 
the gastric cancer cells. The results also indicate that there was decreased pro-proliferative and anti-
apoptotic gene expression (i.e., extracellular signal-regulated kinase (Erk), Survivin, and B-cell 
lymphoma 2 (Bcl2) mRNA). 
Conclusion: The results suggest that dandelion extract is a potent gastric cancer cell proliferation, 
survival, and migration inhibitor with potential pharmaceutical applications for the prevention of gastric 
cancer. 
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Gastric cancer incidence is rapidly increasing 
worldwide [1]. More than one million cases are 
detected annually [2]. Standard therapies include 
surgery, and chemo- and radiotherapy. Many 
patients’ gastric cancers are refractory to chemo- 
and radiotherapy or patients have metastatic 
disease at presentation, or both. These poor 
responses severely reduce the benefits of local 
surgical procedures. These challenges 
significantly affect the survival outcomes and 
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quality-of-life for gastric cancer patients. Because 
the incomplete effectiveness of standard 
therapies, alternative strategies to improve 
gastric cancer patient outcomes have been 
sought. More recently, selective induction of cell 
death, or apoptosis, within cancers has emerged 
as a possible therapeutic alternative [3]. One 
method to selectively induce apoptosis of cancer 
cells involves the use of natural plant extracts [4]. 
 
Dandelion (Taraxacum spp.) is a perennial herb 
grown throughout the world, especially in the 
Northern Hemisphere’s relatively temperate 
environments. Dandelion is widely considered a 
weed. However, it contains many useful 
phytochemicals such as flavonoids, phenolic 
acids, alkaloids, and terpenes [5]. Over 30 
phenolic compounds have been isolated from 
dandelion [6]. Oriental medicine has traditionally 
recognized the value of dandelion extract for the 
treatment of bladder, spleen, and liver ailments, 
and for diseases such as gout and diarrhea [7-
10]. In this study, our aim was to determine 
whether a dandelion extract possessed anti-
tumor activity that can be exploited for treatment 






The human gastric cancer SGC-7901 cells were 
purchased from Shanghai ZeYe Company 
(Shanghai City, China). Herbal samples of 
dandelion were collected (ShanTou City, 
GuangZhou Province, China) in June 2016 
(voucher specimen no. SOLE 201606041, 
Department of Pharmacy, TaiZhou Hospital, 
China). Prof. ShengKang Zhou (TaiZhou 
Hospital, China) identified the plant using 
taxonomic characteristics. 
 
The dandelion extract was prepared at a 
Shantou University laboratory as follows: 
dandelion plants were placed in a round bottom 
flask with water (1 : 7, w/v) for reflux extraction at 
100 oC; extraction was performed twice for 3 h 
each time. Next, a rotary evaporator was used to 
remove the water, and the remaining solution 
was concentrated into a 150-mL volume via 





tetrazolium bromide (MTT) assay [11], with some 
modifications, was used to measure activity of 
the extract on SGC-7901 cell proliferation. The 
cells were added to 96-well microculture plates at 
a 5 x 103 cells/well density, were grown 
overnight, and the supernatant was removed. 
The cells were then incubated in growth medium 
including 10 % fetal bovine serum. The extract 
was added to the wells at varying concentrations. 
The cells were then incubated for 48 h. After 
incubation, the medium was replaced with 20 µL 
MTT reagent (from 5 mg/mL stock solution) and 
the cells were incubated for 4 h (37 °C, 5 % CO2). 
The MTT reagent was then removed and DMSO 
(150 µL) was added to each well. The plates 
were shaken for 30 min using a table oscillator. 
The results were analyzed using a plate reader 
(570 nm wavelength; Molecular Devices Inc., 
San Francisco, CA, USA). Mean values were 
calculated from the results obtained from three 




An Annexin V Apoptosis Detection Kit (Sigma-
Aldrich, MO, USA) was used to assess 
apoptosis; 106 cells/mL of SGC-7901 cells were 
plated and incubated overnight, before a 48 h 
treatment with the dandelion extract. After 
exposure to the extract, the cells were harvested, 
then rinsed once with PBS and resuspended in 
binding buffer (Annexin V). Finally, Annexin V 
(5 μL) and propidium iodide (10 μL) were added 
to the cell suspension. The sample was then 
incubated in the dark for 10 min at room 
temperature. Flow cytometry analysis was then 
performed. Cell populations with differential 
uptakes of Annexin V and propidium iodide were 
detected using a BD LSRFortessa™ Cell 
Analyzer (Becton Dickinson, NJ, USA). 
 
Transwell migration assay 
 
A Millicell-24 Cell Culture Insert Plate (BD 
BioCoat Control Inserts, BD Biosciences) was 
used to measure SGC-7901 cell migration during 
transwell assay. The cells were grown to 80 % 
confluence, followed by serum starvation 
overnight before the experiment was performed. 
Briefly, the cells were harvested, resuspended in 
starvation medium, and added at a 5 x 104 cells 
per well density (0.3 mL volume) in the upper 
well. This upper well was immersed in a lower 
well containing complete medium to which was 
added varying concentrations of allicin or 10 % 
fetal calf serum. After a 48-h incubation (37 °C, 5 
% CO2), the experiment was stopped. 
Membranes from the transwell chambers were 
fixed with methanol for 15 min, followed by 
incubation with a Giemsa staining solution for 
20 min. The membranes were then dried (room 
temperature), and cell migration was determined 
by counting the cell numbers in 10 unbiased 
fields-of-view under a microscope [12]. 
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Quantification of mRNA 
 
RNeasyMini Kit columns (Qiagen) were used to 
isolate the total RNA from the SGC-7901 cells, 
following the manufacturer’s instructions. One 
milligram previously isolated total RNA was used 
for the cDNA synthesis for RT-qPCR; the 
QuantiTectH Reverse Transcription (Qiagen) 
protocol was used per the manufacturer’s 
instructions (using hexamer priming). A 
LightCycler 480 system (Roche Diagnostics) and 
LightCycler SYBR Green I Master (Roche 
Diagnostics) were used for the RT-qPCR. The 
reaction mixture (10 μL) was subjected to 50 
amplification cycles (10 s at 95 °C, 60 s at 60 
°C). The primers were used at a final 
concentration of 10 mM per reaction mixture. 
Primer 3 software was used for the primer design 
(Table 1). 
 
Table 1: Primer sequences 
 
Gene Sequence 
Pten 5' TTTGAAGACCATAACCCACCAC 3' 
5' ATTACACCAGTTCGTCCCTTTC 3' 
Erk 5' TCACACAGGGTTCCTGACAGA 3' 



















The results were calculated as mean ± standard 
deviation values. One-way analysis of variance 
(SPSS software, version 21, SPSS Inc., Chicago, 
IL, USA) was used to test for statistically 
significant differences between the untreated, 
control groups and the treated, experimental 
groups. A post-hoc multiple comparison test was 
used to calculate least significant differences. 





To determine the efficacy of a natural plant 
extract in gastric cancer inhibition, we exposed 
SGC-7901 cells to a dandelion extract. After a 
48-h exposure to increasing concentrations (0, 
0.2, 0.25 or 0.3 mg/mL), phase-contrast 
microscopy revealed differences in cellular 
morphology (data not shown). The effects of the 
extract on cell growth were investigated using 
MTT assay. The extract had dose and time-
dependent growth inhibition effects (Figure 1). 
Maximum inhibition of proliferation was observed 
at 48 h; 500 μg/ml GPE inhibited proliferation in 
72.14 ± 6.03 % of the cells. 
 
 
Figure 1: Dandelion extract affects SGC-7901 cell 
proliferation 
 
Cells were exposed to concentrations of 0, 0.2, 
0.25, or 0.3 mg/mL extract for 48 h to examine 
the effect on apoptosis. The Annexin V assay 
revealed that there were statistically significant, 
dose-dependent increases in the percentages of 
apoptotic cells after treatment with the dandelion 
extract (Figure 2). 
 
 
Figure 2: Dandelion extract affects apoptosis of SGC-
7901 cells 
 
Next, we used Transwell migration assay to 
examine the effects of the dandelion extract on 
inhibition of migration. Cells were exposed to the 
extract at concentrations of 0, 0.2, 0.25, or 
0.3 mg/mL for 48 h. The results indicated that the 
percentage of migration inhibition increased with 
increasing concentrations of the extract (Fig. 3). 
There were statistically significant differences 
(p < 0.01) between the dandelion extract-treated 
compared with the control, untreated, cells. The 
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transwell assay revealed that dandelion extract 

































Figure 3: Dandelion extract affects migration of 
SGC-7901 cells 
 
To examine mechanisms of cell growth inhibition, 
the expression of genes involved in the 
regulation of proliferation and apoptosis were 
assessed using RT-qPCR. After a 48-h treatment 
with the dandelion extract, the levels of 
expression of pro-apoptotic genes were 
significantly increased (phosphate and tensin 
homology deleted on chromosome ten (Pten) (p 
< 0.05) and Bcl-2 Associated X protein (Bax) (p < 
0.01)) (Table 2). In contrast, levels of expression 
of anti-apoptotic and pro-proliferative genes, 
such as extracellular signal-regulated kinase 
(Erk), B-cell lymphoma 2 (Bcl2), and Survivin, 




The incidence of gastric cancer continues to 
increase worldwide at a rate of approximately 
one million new cases annually. Most patients 
are diagnosed at late stages of disease when 
standard treatment strategies, such as surgery, 
and radio- and chemotherapy, are generally less 
effective [13]. Natural compounds extracted from 
Chinese herbs have emerged as alternative 
therapeutic options. These natural compounds 
are used to effectively treat infections, 
inflammation, cardiac diseases, hypertension, 
and cancers with many fewer side effects 
compared with conventional therapies [14,15]. 
We therefore sought to determine whether a 
natural extract from dandelion has any anti-
gastric cancer activity. The results revealed that 
the dandelion extract had statistically significant 
inhibitory effects on the SGC-7901 cells. 
Quantitative assays revealed that the extract 
mediated this inhibitory effect by decreasing 
cellular proliferation and promoting apoptosis.  
 
Invasion and metastasis are the main causes for 
poor outcomes in gastric cancer patients and are 
considered essential features of cancer. 
Therefore, in addition to inducing apoptosis of 
the primary tumor, inhibiting metastasis is critical 
for long-term cancer prevention. In this study, we 
observed a dose-dependent inhibition of SGC-
7901 cells after 48-h exposure to dandelion 
extract. 
 
To identify the mechanism via which the extract 
promoted apoptosis, we examined the 
expression of known regulators of apoptosis. The 
intrinsic (i.e., mitochondrial mediated) and 
extrinsic (i.e., death receptor mediated) pathways 
are the two major pathways that mediate 
apoptosis. BCL2 and SURVIVIN inhibit 
apoptosis, but they mediate it via different 
pathways. The anti-apoptotic protein BCL2 
primarily inhibits the intrinsic pathway [16]. 
SURVIVIN inhibits the activation of downstream 
caspases that coordinate apoptosis following 
intrinsic and extrinsic cues [17]. The results 
revealed dose-dependent decreases in Bcl2 and 
Survivin expression levels.  
 
Relative concentrations of BAX (pro-apoptotic) 
and BCL2 (anti-apoptotic) proteins determine cell 
survival and apoptosis [16]. BAX promotes 
apoptosis via direct inhibition of BCL2. There 
were dose-dependent increases in Bax levels 
after treatment with dandelion extract. 
 
ERK acts downstream of the MAP kinase 
pathway; results suggest that it regulates cell 
growth, survival, and autophagy [18-20]. The lipid 
phosphatase PTEN is required for Sprouty 2 
(SPRY2)-mediated inhibition of protein kinase B 
(PKB)/AKT activation and subsequent cell 
proliferation [21]. 
 
Table 2: Effect of dandelion extract treatment on gene expression in SGC-7901 cells 
 
Content(mg/ml) PTEN ERK BCL-2 BAX SURVIVIN  
0 1.05±0.03 1.06±0.04 1.03±0.01 1.08±0.02 1.01±0.06  
0.20 1.27±0.08* 0.73±0.02** 0.82±0.02** 1.23±0.09* 0.91±0.07  
0.25 1.42±0.11** 0.49±0.01** 0.61±0.03** 1.42±0.11** 0.58±0.03**  
0.30 1.58±0.14** 0.28±0.01** 0.43±0.03** 1.64±0.09** 0.33±0.01**  
*P < 0.05, **p < 0.01, compared with untreated control (0 mg/ml). Fold=changes are normalized to housekeeping 
gene expression (Actin) 
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Furthermore, PTEN inhibits the (PI3K)/AKT 
pathway via phosphatidylinositol 3,4,5 phosphate 
(PIP3) dephosphorylation. Pten mRNA 
expression increased and Erk expression 
decreased after treatment of SGC-7901 cells 
with the extract. Taken together, the study 
revealed a gene expression pattern associated 
with decreased cellular survival and proliferation 
in response to treatment of gastric cancer cells 




Dandelion extract inhibits SGC-7901 cell 
proliferation and induces apoptosis, possibly via 
regulation of Bax, Bcl2, Survivin, Pten, and Erk 
gene expression. These results suggest a 
potential use for dandelion extract as an 
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